Abstract: Over 94% of the land of northwestern Vietnam is classified as sloping. Population growth has exerted pressure on local natural resources, with agricultural expansion on steep slopes resulting in forest degradation, landscape fragmentation and severe environmental consequences. Efforts to restore forest ecosystems have been made by the government, however, as the livelihoods of 80% of the population depend on agriculture, the reconversion of land to forest has proven to be an inappropriate solution. Agroforestry offers a potentially sustainable land-use solution, which could re-establish forests, restore ecosystem services, and stabilize local livelihoods. In this paper, we assess the potential of agroforestry development in the region based on the results of two interrelated surveys conducted in 21 representative villages in six districts of three northwestern provinces: 1) a farming system diagnosis implemented in 17 representative villages; and 2) an agroforestry adoption survey with 210 households practising agroforestry in 14 villages. The analysis was strengthened by four years' experience in implementing an extensive agroforestry project in the region. The studies focussed on assessing key benefits and constraints of existing farming systems, including agroforestry practices, adopted by farmers and identifying the potential for agroforestry development in the region. The results showed that the dominant farming system in the north-western provinces was monoculture of staple crops on slopes, which provided relatively low economic returns. Soil erosion, land degradation, and water shortages resultant from intensive farming practices were the most significant environmental issues in the area. Tree-based farming systems were rare and mostly a result of spontaneous adoption by farmers. Given the mountainous landscape and the need for soil stabilization, agroforestry was seen by farmers as a viable approach. Improving the existing and adopting new, integrated agroforestry systems were identified as viable ways toward sustainable livelihoods in Northwestern Vietnam.
Introduction
Over 94% of the land of northwestern soil and water use-efficiency, restore tree cover and increase carbon stocks (Rao et al. 2007; Roshetko et al. 2007; Brenda, 2010; Charles et al. 2013; Roshetko et al. 2013) .
Through soil fertility and, thus, productivity improve-ment, agroforestry contributes to food and nutritional security (Dawson et al. 2013; Jamnadass et al. 2013) . Agroforestry is considered to be a best alternative for climate-smart agriculture (Kaczan et al. 2013) ; and provide an opportunity to combine the twin objectives of adaptation and mitigation (Verchot et al. 2007; Murthy et al. 2013; Mbow et al. 2014; Lasco et al. 2014 ). iii) Is there evidence that farming systems that integrate agroforestry practices are more resilient than systems that do not?
iv) What is the potential for expanding locally successful agroforestry systems?
Methodology

Study location
The studies were conducted in 21
villages located between 300 and 1250 metres above sea level (masl) in 12 communes of six districts in the three northwestern provinces of Yen Bai, Son La and Dien Bien (Table 1) .
These villages were purposively selected as they were part of the AFLI project. The villages were grouped into three elevation ranges with different predominant farming systems related to the elevation and local ethnic groups. The FSD was conducted in 17 of the total 21 villages and the agroforestry adoption survey in 14 villages ( Figure 1 and Table 1 in the results section).
Methods and data
Farming systems diagnosis
The assessment methods included agroecological mapping, focus-group discussions (FGD), and structured interviews. 
Rapid economic assessment of dominant
cropping systems explored the profitability of the farming systems per hectare per year:
Total profit: Pr = In -Exp
Where, Pr = profit ($/ha/year); In = total income (turnover) ($/ha/year); and Exp = total cost for all inputs: labour time, Regarding environmental impacts, our study emphasized control of soil erosion in the cropping systems, a common problem in the study area.
Structured interviews were conducted with
45 farmer co-operators who participated in project trials. The main purpose was to collect base information about households and their agricultural production, including farming practices, main livelihoods' sources and tree-planting practices (questionnaire is provided in annex 1).
Agroforestry adoption survey
The main methods used were semi-structured interviews with 210 households in 14 villages who practised agroforestry and observations of the households' land during field visits. The information collected included i) basic information of the household, including their farming practices; ii) types of agroforestry systems farmers practised, with system components; criteria for species selection; area and year of establishment;
iii) the reasons farmers adopted agroforestry practices; and iv) from where did they learn about agroforestry. (ICRAF 1982) .
Statistical method
The data collected in this study were analysed using descriptive statistics to calculate the frequency distribution and percentage of variables. The SPSS, version 16 (2007) , program was used to generate the analysis.
Result
General findings and issues
The Water scarcity: Nearly all agricultural production, especially on slopes, was rainfed.
Water was increasingly scarce in nearly all villages of the surveyed area. This affected the productivity of crops in several ways.
First, owing to water shortages, farmers could plant only one (autumn) crop a year and the fields were left without groundcover for months, with exposure to early rains resulting in accelerated erosion. This land degradation led to further reduction of soil water-holding capacity thereby accentuating the water deficiency.
Soil erosion: As observed, soil erosion was a significant problem in the region.
Farmers acknowledged that on sloping land 6 (ICRAF 1982).
Statistical method
shows typical land uses associated with certain topographical, soil, water and erosion features. Table 1 ).
The results of individual interviews showed that agriculture was the main income source for over 95% of respondents, with the main cash crops being maize (82%), and paddy rice, coffee or tea (18%).
Landholdings in the areas averaged 1 ha/ household. The most important factors for the farmers in deciding which trees and/or crops to plant or which farming system to apply were the products' market availability, land and capital resources. According to farmers, the main factors in maintaining good yields were, first, soil erosion (mentioned by 85% interviewed), followed by water availability (65%) and soil fertility (52%). Only a few farmers mentioned inputs as the main factor for good yields. This clearly indicated that soil erosion and related issues -declining fertility and water availability -were the key problems in the region.
Economic analysis:
The profitability of each cropping system identified during the FGD in the 17 study villages is summarized in the last column of Table 2 . The column also includes profit data of some agroforestry systems in the study areas, according to farmers' recollections for the previous year.
The detailed profit data of all dominant systems in each study village are provided in annex 2 Table A2 .2.
Farming systems in three agroecological zones
Since cropping patterns and, hence, farming practices varied significantly between elevations, results are reported according to elevation and agro-ecological zone.
There were only slight variations within the range of elevations and from one location to another. Table 2 summarizes all dominant farming systems by elevation.
Farming systems below 400 masl
The dominant farming system at this elevation was monocultural hybrid maize with two harvests per year on sloping land. The
International Journal of Agriculture System (IJAS) [ ] average yield ranged 3-5 t grain/ha/crop.
The second most common crop was monocultural, high-yield cassava (Manihot esculenta Craz.), which was cultivated where soil fertility had declined and could no longer support maize. The average yield ranged 18-22 t/ha/crop. In general, cassava cultivation brought low economic returns owing to low and unstable prices (see Table 2 ). In areas with available irrigation, monocultural rice (Oryza sativa) was planted with two crops a year. The average yield ranged 3-5 t/ha/crop, depending on local conditions. Agroforestry systems: Coffee-based agroforestry systems were the most encountered intercropping system at this elevation.
Bush tea (Camellia
Coffee was intercropped with fruit trees or with timber trees for shade (Table 3 ). Some systems with fruit trees and annual crops were also observed on a small scale.
High elevations: above 800 masl
The farming systems at high elevations were less diverse in terms of species than at lower elevations, however, monocultural staple crops (maize, cassava and upland rice) on sloping land continued to be a common practice. The crops grown by the H'mong people were mainly for subsistence. Compared to farmers at lower elevations, H'mong farmers primarily used local varieties of upland rice, maize and cassava with limited inputs, resulting in lower yields. The average maize yield varied 1.5-3 t/ha/year, cassava 10-15 t/ha/ year and upland rice mostly stable at 1 t/ha.
Crop yields were said to be declining owing to germplasm degeneration. Some crop species were traditionally intercropped or planted in rotation during the rainy season.
Paddy rice was mainly planted on terraces.
Common tree species were pine (Pinus sp.),
Vernicia montana, manglietia and Fokienia hodginsii. In homegardens, common fruit trees were pear (Pyrus sp.), plum All the interviewed farmers were well aware of the issues related to monocultural staple crops on slopes and were willing to plant more trees on their farms to reverse low soil fertility, increase soil protection and benefit from the long-term stability of tree-based systems. However, they were concerned about the availability of species of high economic benefit and the availability of markets. Species that the farmers preferred to plant on their farms are shown in Table 4 .
Below 400 masl, farmers preferred eucalyptus and acacia because of their suitability to the natural conditions and strong local demand for timber. Of the fruit tree species, farmers preferred late-fruiting longan and orange for their marketability.
At 400-800 masl, farmers preferred eucalyptus and Canarium. Canarium is a multipurpose species with long rotation that and had potential for export to international markets.
At high elevations, farmers preferred temperate timber and fruit/nut species, including son tra, peach or shan tea. Walnut had shown good growth in Thuan Chau above 1100 masl, and could be a promising option.
General findings of the agroforestry adoption survey
The results of the study showed that farmers practised agroforestry for a number of reasons. The primary reason for 79% of farmers (N=210, multiple choice) was higher income and more effective land use; 28% practised agroforestry in order to provide shade for understory crops. Only 2% of respondents practised agroforestry for soil and water conservation (although farmers were aware of this benefit of tree cultivation) and 4% for more efficient fertilizer use. Thus, the majority of farmers primarily integrated trees on their farms to enhance income: 86% of respondents reported that their farming systems generated more income from the combined yields of tree and associated annual crops. Only a few respondents were not sure about the economic benefits of trees because they did not use the tree products or the benefits of trees were not clearly shown.
A few respondents reported negative effects because of tree and crop competition. Most farmers learned agroforestry techniques In terms of system incomes, respondents reported that agroforestry systems brought higher incomes compared to monocultural practices. The systems with coffee and longan and coffee and canarium were good examples of the higher economic benefits of agroforestry (Table 2 ). This has been by themselves also indicated that they were unlikely to be fully aware of agroforestry options and would benefit from training.
Potential agroforestry options for Northwestern Vietnam
Given the issues related to monocultures of short-term crops on slopes, the advantages of tree-based system as discussed above, and that farmers are interested in tree-farming, agroforestry should be a prior- 2006 , 2009 Dida et al, 2013; FAO 2014) .
Homegarden enrichment with fruit and multipurpose tree species and vegetables diversifies household food supplies and generates additional income. Building on the survey results, and including farmer's species preferences, the agroforestry systems in Table 5 are recommended.
For elevations below 400 masl
On the gentle slopes (below 15°), intercropping fruit trees (for example, longan, mango, orange and guava) with short-term crops (for example, maize, ginger, beans, peanut) or fodder grasses could be a suitable option. Guava is recommended for association with orange to reduce citrus greening disease (VAAS 2012; Nguyen Taungya systems with timber species (acacia, melia, Indian mahogany), eucalyptus hybrid and manglietia with short-term crops and vegetative strips Timber species with bush tea or short-term crops or fodder grasses for livestock in taungya system 400-800
Flat to gentle
Coffee-based agroforestry systems with fruit, multipurpose and/or timber species
Fruit or timber trees and short-term annual crops or medicinal plants
Steep
Taungya system with timber trees, fodder or natural vegetative strips and common short-term crops Timber trees with fodder grass for livestock Above 800
>800
Flat to gentle Coffee-based agroforestry system with Coffea arabica and temperate fruit (for example, son tra, plum, peach, and persimmon), walnut or timber trees Temperate fruit, nut species, multipurpose tree species with temperate vegetables and/or with short-term crops and/or fodder grass and/or medicinal plants
Steep
Temperate fruit, nut species, multipurpose tree species with cardamom and amomum Temperate fruit, nut species, multipurpose tree species with fodder grass for livestock 
For elevations 400-800 masl
Coffee is already a common and prioritized species in Son La and Dien Bien.
These systems could be made more resilient and profitable through diversification with fruit, multipurpose or timber species. 
Conclusion
Given 
